Aims/hypothesis We assessed secular trends of cardiovascular outcomes following first diagnosis of myocardial infarction (MI) or diabetes in an unselected population. Methods All Danish residents aged ≥30 years without prior diabetes or MI were identified by individual-level linkage of nationwide registers. Individuals hospitalised with MI or claiming a first-time prescription for a glucose-lowering medication (GLM) during the period from 1997 to 2006 were included. Analyses were by Poisson regression models. Primary endpoints were death by all causes, cardiovascular death and MI. Results The study included 3,092,580 individuals, of whom 77,147 had incident MI and 118,247 new-onset diabetes. MI patients had an increased short-term risk of all endpoints compared with the general population. The rate ratio (RR) for cardiovascular death within the first year after MI was 11.1 (95% CI 10.8-11.5) in men and 14.8 (14.3-15.3) in women, respectively. The risk rapidly declined and 1 year after the index MI, RR was 2.11 (2.00-2.23) and 2.8 (2.64-2.97) in men and women, respectively. Patients with diabetes carried a constantly elevated risk of all endpoints compared with the general population. The cardiovascular death RR was 1.90 (1.77-2.04) and 1.92 (1.78-2.07) in men and women, respectively during the first year after GLM initiation. Conclusions/interpretation Incident MI is associated with high short-term risk, which decreases rapidly over time. Incident diabetes is associated with a persistent excessive cardiovascular risk after initiation of GLM therapy. This further strengthens the necessity of early multi-factorial intervention in diabetes patients for long-term benefit.
diabetes patients is independent of age and sex, and applies to all patients with type 1 as well as those with type 2 diabetes [1] .
Population studies have shown that: (1) the mortality rate from coronary heart disease is doubled in patients with diabetes compared with individuals without diabetes; and (2) that diabetes confers an equivalent risk to that conferred by 15 years of ageing when estimating cardiovascular risk [3, 4] . A decline in all-cause and cardiovascular mortality rates has been observed over the last decades among diabetes patients and individuals without diabetes. However, the decline in mortality rates in diabetes patients appears to be markedly lower than in individuals without diabetes [5, 6] . Thus, diabetes patients remain at high risk of allcause and cardiovascular mortality [5] .
The similarity in cardiovascular risk for patients with diabetes and for patients with a previous MI is one reason why guidelines recommend similar preventive strategies to reduce risk [7] . To date, studies comparing risk in patients with MI or diabetes have not focused on the time that has elapsed since diagnosis. The risk would be expected to change over time for patients with MI as well as for those with diabetes. To further assess the risk in the two patient groups, it is necessary to compare the change in risk over time following the diagnosis.
To establish a more detailed comparison of major cardiovascular events following a diagnosis of diabetes or MI, we conducted a nationwide study examining short-and long-term mortality rates in patients with incident diabetes and patients with first-time MI during a 10 year period in Denmark, using the background population as a reference.
Methods
Population and data sources All residents in Denmark have a unique and permanent civil registration number that enables individual-level linkage between nationwide administrative registers. Using the Danish Civil Registration system, we identified all inhabitants in Denmark who were at least 30 years of age and alive on 1 January 1997. All subsequent medications dispensed from pharmacies were obtained from the National Prescription Register (the Danish Register of Medicinal Product Statistics), which includes all prescriptions dispensed from Danish pharmacies since 1995. The prescription register keeps information on date of dispensing, strength and quantity. Information on hospital admissions was obtained from the Danish National Patient Register [8] , which keeps records on all hospital admissions in Denmark since 1978. Each hospitalisation is registered at discharge with diagnoses recorded using the International Classification of Diseases (ICD). Until 1994 the 8th revision (ICD-8) was used and from 1994 the 10th revision (ICD-10; www.who.int/classifications/icd/en/, accessed 5 January 2009). All deaths were identified from the Central Population Register, where fatalities are recorded within 2 weeks. Causes of death were obtained from the National Causes of Death Register, which records immediate and contributing causes using the ICD-8 and ICD-10.
The reference population comprised inhabitants in Denmark of at least 30 years of age and alive on 1 January 1997. Patients with a prior history of MI or patients receiving prescriptions for glucose-lowering medication (GLM) before 1 January 1997 were excluded from the study.
Myocardial infarction and diabetes mellitus Incident MI was identified as first-time hospitalisation with MI. The diagnosis of MI in the National Patient Register has proven to be valid, with a sensitivity of 91% and a positive predictive value of 93% [9] . Patients with incident diabetes requiring glucose-lowering treatment were identified as individuals initiating GLM (oral or insulin) during the study period (1 January 1997 to 31 December 2006) [1] . Patients were registered as either incident MI or incident diabetes depending on which diagnosis came first.
Comorbidity Comorbidity was assessed by registration of pre-specified hospital discharge diagnoses up to 1 year before the inclusion date (date of the incident), as listed in All-cause mortality There was a high short-term risk of death in the incident MI population in the early period and late period for both sexes compared with the reference population ( Table 2 ). The risk rapidly declined, remaining stable from 1 year after MI for the rest of the study period. The risk was consistently higher in women than in their male counterparts.
The initial risk of death in the incident diabetes population was increased by more than twofold compared with the reference population. In women with incident diabetes, the risk remained stable at approximately 1.5-fold higher than in the reference population. In men, there was a trend towards risk reduction 1 year after onset of diabetes.
Cardiovascular death
The incident MI population initially carried a more than tenfold excessive risk of cardiovascular mortality compared with the reference population ( Table 2 ). The risk rapidly decreased, reaching an approximately threefold higher risk in women and a twofold higher risk in men in both periods from 1 year after the incident MI, compared with the reference population ( Table 2 , Fig. 1a, b) . There was no trend towards a risk reduction in either sex when comparing the two study periods.
The incident diabetes population had an initial twofold higher risk of cardiovascular death in both periods applying for both sexes compared with the reference population. For women, the risk was nearly constant and no trend towards risk reduction was demonstrated when comparing the two study periods. In men with incident diabetes, a trend towards risk reduction was demonstrated for the late period compared with the early period from 1 year after the incident ( Table 2 , Fig. 1a , b). Cardiovascular death promptly increased in the incident MI population after the index hospitalisation, but thereafter levelled off with an approximately constant elevated risk. The diabetes group showed a more gradual and progressive increase in risk of cardiovascular death over time; this was comparable to the reference population, although the risk in the diabetes patients was higher at all time points (Fig. 2) . Table 3 demonstrates an increasing rate of MI and diabetes with increasing age in all exposure groups. No significant difference in rate of MI and diabetes was observed in any of the exposure groups during the two study periods.
Myocardial infarction/recurrent myocardial infarction Both men and women with incident MI had a markedly elevated short-term risk of recurrent MI, but the risk reached a steady level after 1 year. There was no trend towards a risk reduction between the two study periods. Women with incident MI carried a higher risk of recurrent MI than men at all time-points (Table 2) .
Women with incident diabetes had an approximately twofold higher risk of MI than the reference population, with only a minimal decline in risk over time. Men with incident diabetes had an increased risk of MI (rate ratio [RR] approximately 1.7), which declined moderately over time. A trend towards a risk reduction in men was also demonstrated when comparing the two study periods (Table 2) . Sensitivity analysis After exclusion of patients with renal failure and congestive heart failure, we found a modest risk reduction within the 1st year on all-cause mortality and cardiovascular mortality applying for both sexes in the MI population compared with the background population. Thus all-cause mortality RR in men was 5.81 (95% CI 5.62-6.00) as compared with 6.46 (6.27-6.65) and 5. For both endpoints, no risk reduction was documented after excluding renal failure and congestive heart failure patients in the diabetes population.
Discussion
This nationwide study assessed changes in risk of adverse cardiovascular outcomes in patients with incident diabetes or incident MI, respectively, compared with the reference population. The main finding was an approximately twofold elevated risk of all endpoints immediately following initiation of GLM treatment. The excessive risk persisted after the first year. Men with incident diabetes exhibited a trend towards risk reduction in the late time period compared with the early. There was a high shortterm risk of all endpoints in the incident MI population, with a rapid decline in risk during the 1st year.
Significant improvements in the treatment of acute MI have been implemented during the last decade. In 2003, percutaneous coronary intervention was applied as the gold standard for acute ST-elevation MI in Denmark [10] and the use of beta-blockers, statins and platelet inhibitors has markedly increased [11] [12] [13] [14] . However, no decline of relative risk was demonstrated when comparing the incident MI patients from the two time periods. A possible explanation could be insufficient treatment with betablockers and statins following hospitalisation after MI, especially if treatment is not initiated in close proximity to discharge [15, 16] . Subsequently, the lack of any risk reduction during the two study periods could partially be explained by the need for a longer lag or observation time after the improved use of secondary prophylactic treatment before the prognosis changes. The results of our study emphasise the need to maintain focus on intensifying the secondary treatment in extension to hospitalisation and post discharge for a first-time MI.
Our study indicates that women have a higher risk of MI than men at all times, even after adjusting for age. Since women tend to have infarctions at an older age than men as well as higher rates of comorbidities, the poorer outcomes in women than in men have largely been attributed to these factors; sex has generally not been interpreted as constituting an independent association [17] . Furthermore, Dominguez et al. have shown that women with diabetes are not treated less frequently with statins than their male counterparts [18] . Since the above-mentioned study did not reveal a convincing sex-related difference in statin treatment, the explanation of the higher risk for MI in women following initiation of GLM remains to be explored. This aspect needs further investigation, taking into account concomitant treatment and possible discrepancies in invasive treatment.
During the two study periods several novel treatment modalities were implemented and new glucose-lowering agents introduced. Specifically, the UK Prospective Diabetes Study (UKPDS) provided convincing evidence that intensive glycaemic control prevents development of microvascular complications in type 2 diabetes patients [19] . In the decade since that study, the use of all GLM, including insulin, alone or in supplement to oral GLM therapy, has increased significantly. Although the initial results from the UKPDS did not conclusively document any beneficial effects of intensified glycaemic control on prevention of macrovascular complications, epidemiological data from the UKPDS supported the possibility that such benefits occur; moreover, recent data have shown a beneficial legacy effect of early intensive glycaemic control on prevention of cardiovascular disease in patients with type 2 diabetes [20] . The Steno 2 study showed that intensive multi-factorial treatment including blood pressure-, glucose-and lipid-lowering therapies, along with lifestyle interventions prevents (or postpones) the development microand macrovascular complications in patients with type 2 diabetes [21, 22] . Together, these findings have been implemented into national and international guidelines over the last decade. However, our finding that there was only a trend towards risk reduction in men, but not in women from the early to the late period may seem surprising and somewhat disappointing. It is possible that the explanation for a risk reduction is related to changes in the treatment of patients with diabetes implemented during the 10 year study period. However, another potential explanation is that, after implementation of the novel guidelines around the millennium, more diabetes patients initiated treatment with GLM earlier, resulting in a lower risk patient population in the later as compared with earlier observation period. If such a change in overall risk in the otherwise well defined segment of the diabetes population requiring GLM has actually occurred, it seems even more surprising that there has not been a greater reduction of mortality rates, questioning the true clinical impact of intensified treatment in patients with diabetes on a population basis. Explanations for this may include a delay in implementation of guidelines, as well as the need for a longer lag or observation time before the prognosis changes. Another explanation may relate to the question of whether the clinical outcome benefits associated with improvement of metabolic control from acceptable to optimal glycaemic levels are marginal or potentially non-existent, as illustrated by the negative outcomes in recent interventional studies [23] [24] [25] .
Our findings are consistent with results from the Framingham Heart Study [5] demonstrating no reduction of mortality rates in diabetes patients over the last 50 years and a persistent twofold higher mortality rate.
Haffner ages and among both sexes [1] . These findings applied for the prevalent diagnosis and only in patients requiring GLM therapy. As for the diabetes population, the results of our study extend the findings of Schramm et al. in that we document that patients with diabetes already carry a twofold higher risk of cardiovascular death, from the point in time when GLM therapy is initiated. This further supports the proposal that all patients ≥30 years of age with diabetes requiring GLM therapy should be considered for early aggressive multi-factorial intervention in order to reduce the risk of death and cardiovascular events.
Strengths and limitations
This study is based on complete and nationwide data obtained from registers that have been previously validated and shown to be reliable [8, 9, 26, 27] . The data cover the entire population of Denmark independently of socioeconomic status, age or participation in specific health insurance programmes. Therefore, the risk of selection bias is avoided; moreover, the study notably includes citizens in and out of the labour market. Our study excluded individuals with MI or diabetes before 1 January 1997, which ensured equal disease duration in both groups. The Danish healthcare system partially reimburses drug expenses, and all Danish pharmacies are required to register all dispensed drug prescriptions, ensuring complete registration. However, this study also has several limitations. Thus we were unable to identify patients on diet-only treatment, so our results are only valid for patients receiving glucose-lowering treatment.
Analysis of the Framingham population demonstrated that diabetes duration influences the risk of coronary mortality rates independently of coexisting risk factors [28] . We were unable to asses the duration of diabetes prior to initiation of GLM in our study. However, it is reasonable to assume that patients starting GLM therapy may have had diabetes for approximately 7 to 10 years [19, 29] . We were also unable to accurately differentiate between type 1 and type 2 diabetes, but prior studies have shown that the risk of cardiovascular morbidity and mortality appears to be the same, regardless of type of diabetes when adjusted for age and sex [1] .
Unfortunately, no adjustments could be made for wellknown risk factors such as hypertension, body mass index, physical activity, lipid disorders, dietary factors, microalbuminuria, blood glucose level and smoking, since the registers do not hold information on these clinical characteristics. Although some studies have indicated that the diabetes-related cardiovascular risk depends on a number of risk factors in diabetes mellitus [30] , another study has shown that the degree of atherosclerosis is unrelated to the number of risk factors in diabetes [31] . There are important differences in the inclusion criteria of the study that also need to be addressed. It is well established that patients hospitalised for any disease carry an increased risk of death compared with patients diagnosed under out-of-hospital conditions. [32, 33] The incident diabetes population was not diagnosed in connection with an admission to a hospital. Therefore initial risk in that population is not completely comparable with that in the incident MI population of the study.
The diagnostic criteria for MI changed in 1999, with more sensitive diagnostic markers being introduced (i.e. troponins) during the study period. Nevertheless, this has not resulted in dramatic changes in the prognosis for MI patients, and it is unlikely that this has affected our study [34] .
The population of Denmark consists mainly of whites, which makes the generalisability of our results to other ethnic groups uncertain.
Conclusions and implications
Patients with incident diabetes carry a twofold higher risk of cardiovascular death compared with the general population. This greater risk, moreover, is present as early as the initiation of GLM treatment.
Patients with incident MI have a high short-term risk of all-cause mortality, cardiovascular death and recurrent MI, which rapidly declines towards a steady level. However, they continue to exhibit an approximately two-to threefold higher cardiovascular risk than the general population. Surprisingly, no difference in risk was demonstrated in the two periods. Therefore, our results emphasise the need for vigilance in secondary prophylactic treatment following hospitalisation for MI.
We also found a persistent high cardiovascular risk in patients with diabetes, underscoring the importance of early and aggressive multi-factorial intervention in patients with diabetes.
